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Composition 

The present invention relates to a composition suitable for use as ban, 
^pic* ,,n 9 or binder of waste m and . ^ „ ^ 

5 

Background Q f the loygnjjort 

su.phu„o?iT ,n r e , a ? ,o provide ba,twy e,ectro,y,es by mMn9 a «*. - 

sulphuno aad. The eiedrolyte is in the form „ a thixotropic ge, which as assent, 
constants rncludes sulphuric acid and a gel-torming agent which may be e.g a silic 
10 o, as proposed in US 5,663,321. This type of geiied elecfroiyte Lo J se^ 
advantages over non-gelled liquid electrolytes such as the possibility of independe, 
pos ,onmg wh e being substantially free of leaKng and mainlenancl However, 

:r r:r ,n us m — - — • - - - « 

15 The present invention intends to provide a gelled composition whfch solves th 

above problems in batteries, and which aleo may be used tbr other applications. 

The invention 

The present invention rotates to a method of preparing a composition comprisln, 
20 m K ,ng a a, ca so, having an S-value from about 5 to about 50 % and a mineral acd 

It has been found that the composition of this invention when applied as a gallec 
elecfrolyte ,„ e.g. lead-acM batteries resu«s in longer service life, shorter gelling «m e t 

ZZ TT 8 " iCa ^ m ' neral haVS 1 ^ veiling " 

25 w„, fom, s„oxane bridges between each other in the presence of the mineral acid whlcf 
leads to aggregation and gelling thereof. 

to , h . ^r? 9 10 8 Prefen ' ed emb0Ci,msm ' *• sili <» «• "as an S-value from about £ 
to about 40, and most preferably from about 12 to about 35 % 

30 mention I 7 7" ^ ^ " ^ ra " SeS Ca " *• 

s,l,ca partcles, ,.e. the degree of aggregate or microgel formation. The S-value has been 

~ d h 7 ^^ la,ed ~»*» to •» *"»— *» in J. Phys. Chem. 60<1956), 
955-957 by Her, R.K. & Dalton, R.L 

35 conoid,, 7 S "7 6 dePendS ° n ** S " ,Ca COnten '' ' ha and the <* the 

35 colicda, s„,ca parades. The S-va,ue represems the amount of S.0 2 in percent by weigh. 

present in the dispersed phase of the silica so,. The S-value can be controlled during the 
production process as further described In e.g. US 5368833. 
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The silica so! preferably has a silica content from about 5 to about 60, more 
preferably from about 7 to about 45, and most preferably from about 10 to about 30 wt%. 
The silica sol comprises silica particles which suitably have a specific surface area from 
about 400 to about 1200, preferably from about 500 to about 1000, and most preferably 
from about 600 to about 900 m 2 /g. The silica particles suitably have a particle size of from 
about 2.5 to about 7, preferably from about 3 to about 6, and most preferably from about 
4 to about 5 nm. Suitably, the silica sol and the mineral acid are mixed in a weight ratio of 
silica to mineral acid (counted as diluted mineral acid) from about 1:100 to about 25:100, 
preferably from about 2:100 to about 1 1 :100, more preferably from about 2.5:100 to about 
8:100, and most preferably from about 3:100 to about 6:100. The components are 
preferably homogenously mixed to uniformly distribute the silica particles of the silica sol 
in the electrolyte. 

Silica sols comprise colloidal silica particles which may be derived from e.g. 
precipitated silica, micro silica (silica fume), pyrogenic silica (fumed silica) or silica gels 
with sufficient purity, and mixtures thereof. 



Colloidal silica particles andsiliraTctfs"^^ 
on the application of the composition be modified and can contain other elements such as I 
amines, aluminium and/or boron, which can be present in the particles and/or the 
continuous phase. Boron-modified silica sols are described in e.g. US 2,630,410. The 

20 aluminium modified silica particles suitably have an Al 2 0 3 content of from about 0.05 to 
about 3, preferably from about 0.1 to about 2 wt%. The procedure of preparing an 
aluminium modified silica sol is further described in e.g. "The Chemistry of Silica", by Her, 
K. Ralph, pages 407-409, John Wiley & Sons (1979) and in US 5 368 833. 

The colloidal silica particles preferably have a narrow particle size distribution, 

25 i.e. a low relative standard deviation of the particle size. The relative standard deviation of | 
the particle size distribution is the ratio of the standard deviation of the particle size 
distribution to the mean particle size by numbers. The relative standard deviation of the 
particle size distribution preferably is lower than about 60 % by numbers, more preferably 
lower than about 30 % by numbers, and most preferably lower than about 15 % by) 

30 numbers. 

The colloidal silica particles are suitably dispersed in an aqueous solvent, 
suitably in the presence of stabilising cations, preferably K + , Na + , Li* for battery electrolyte 
applications, but for other applications also e.g. NH 3l organic cations, primary, secondary, | 
tertiary, and quaternary amines, or mixtures thereof so as to form an aqueous silica sol. 
35 However, also dispersions comprising organic solvents e.g. lower alcohols, acetone orl 
mixtures thereof may be used for applications other than battery electrolytes, suitably inl 
an amount of from about 1 to about 20, preferably from about 1 to about 10, and most 
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preferably from about 1 to about 5 volume percent of the total solvent volume. Howe 
aqueous silica sols without any further solvents are preferably used. The pH of the si 
sol suitably is from about 1 to about 13, preferably from about 6 to about 12, and rr 
preferably from about 7.5 to about 1 1 . However, for aluminium-modified silica sols, the 
5 suitably is from about 1 to about 1 2, preferably from about 3.5 to about 1 1 . Preferably, 
silica sol has an iron content lower than about 100 ppm by weight since iron may cai 
discharge of batteries in which the composition of this invention may be used and . 
shorten battery life times. More preferably, the iron content is lower than about 50, i 
most preferably lower than about 30 ppm by weight. Preferably, the content of chlorid( 
10 the silica so! is lower than about 50, more preferably lower than about 30, and m 
preferably lower than about 10 ppm by weight. The low chloride content is essential in 
formed composition (in battery applications) since grid corrosion, i.e. corrosion of the l< 
grid in the battery then can be reduced. Other impurities present in the composition 1 
can be detrimental and their acceptable levels should not exceed prescribed limits. 
15 Preferably, the mineral acid, which serves as electrolyte, is hydrochloric a- 

nitric acid, phosphoric acid, sulphuric acid, and mixtures thereof, most prefers 
sulphuric acid, particularly for any battery application. The concentration of the min« 
acid, especially sulphuric acid, suitably is from about 5 to about 99, preferably from ab 
20 to about 80, and most preferably from about 30 to about 60 wt%. A too 
20 concentration will result in a bad electrolyte (with low conductivity) and long gel tir 
Suitably, the pH of the mineral acid is from about -2 to about 2, preferably from about - 
to about 1, more preferably from about -1 to about 0.5, and most preferably from aboi 
0.5 to about 0. A suitable concentration of the mineral acid can be achieved by dilutin 
concentrated mineral acid with water. Suitably, sulphuric acid (as used mineral acid) I 
25 a density from about 1.04 to about 1.8, preferably from about 1.15 to about 1.75, m 
preferably from about 1.2 to about 1.5, and most preferably from about 1.3 to about 
kg/dm 3 . 

Preferably, the mixing of silica sol and mineral acid is performed ai 
temperature from about 0 to about 95, preferably from about 5 to about 50, and m 
preferably from about 10 °C to about 35 °C. Dilution of sulphuric acid and other mint 
acids often leads to an increase in temperature due to the exothermic reaction tak 
place. Therefore, the diluted acid used preferably is precooled to a temperature be 
room-temperature. The mixing time of silica sol and mineral acid suitably is from ab 
100 milliseconds to about 30 minutes, preferably from about 100 milliseconds to about 
minutes, and most preferably from about 100 milliseconds to about 1 minute. The si 
sol and the mineral acid preferably are mixed in an in-line mixer, e.g. a static mixer, j 



4 

before filling it into a battery cell or other use. A too long mixing time is detrimental to the 
gel strength while a too short mixing time may lead to insufficient mixing. 

Further components which may be added to form the composition of the present 
invention include orthophosphoric acid, suitably to a concentration of from about 1.5 to 
5 about 5% by weight with respect to the total weight of the forming composition (gel) in 
order to increase the conductivity as well as the cycle and discharge resistance of a 
battery. 

Sodium sulphate may also be added in an amount of from about 1 to about 25, 
preferably from about 2 to about 12 g sodium sulphate/l of composition (electrolyte) in 
10 order to lower the solubility of lead sulphate in a battery cell. Aluminium hydroxide may 
also be added, preferably in an amount of from about 0.1 to about 0.5 wt% based on 
aluminium oxide. Other suitable additives that can be added include such as mentioned 
in US patent 6 218 052 to enhance battery performance. These components may be 
added either directly to the mixture of silica sol and mineral acid, or to either the mineral 
15 acid or silica sol directly before mixing thereof. 

the inventron"^ as de fj 0 e d 

herein. 

The invention also relates to a composition comprising a network of silica 
particles, in which the size of the (primary) silica particles making up the network, i.e. the 

20 particle size of a silica particle as single silica particle, is from about 2 to about 7, more 
preferably from about 3 to about 6, and most preferably from about 4 to about 5 nm. The 
composition further comprises a mineral acid as described herein. The size of the primary 
silica particle can be determined by the specific surface as measured by titration 
according to Sears (Journal of Analytical Chemistry, Volume 28, no. 12, December 1956). 

25 However, the specific surface area measured by the technique described in Sears will be 
slightly underestimated since a portion of the surface of the silica particle is occupied by 
bonds/bridges to neighbouring silica particles in the network. The correction between the 
specific surface area of a primary particle and measured surface area of the gel is further 
discussed in The Chemistry of Silica (1979), p. 481 to p. 487, by Ralph K. Her. The silica 

30 particles comprised in the composition suitably have a specific surface area from about 
200 to about 1100, preferably from about 300 to about 1000, more preferably from about 
400 to about 900, and most preferably from about 500 to 800 m 2 /g. The weight ratio of 
silica to mineral acid (counted as diluted mineral acid), in the network of silica, is suitably 
from about 1:100 to about 25:100, preferably from about 2:100 to about 11:100, more 

35 preferably from about 2.5:100 to about 8:100, and most preferably from about 3:100 to 
about 6:100. The silica content of the composition suitably is from about 1 to about 20, 
preferably from about 2 to about 10, more preferably from about 2.5 to about 7.5, and 
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most prefer from about 3 to about 6 wt%. A tow silica content in the gel win resut 
tower rntema resistance, and .bus higher capacKy as e.g. a geiied electtoi*e in a ban 
Preferably, .be average pore diameter of me siiioa partes in tbe compoln oT« 
from about 1 nm ,o about .00 nm, mora preferably from abou. 5 nm ,o about 50 nT 
■ mos. praferabiy from about .0 n m to abou, 30 nm. Praferabiy. the pore 

s*ca partrc.es ,n the composition is from about 0.4 to abou, 55, more preferably fr« 
abou, 1 ,o abou, 35. and mos, preferably from abou, 5 ,o about 20 om*/g silloa 

oe,^ /? T n "° n a ' SO ^ '° ^ USS * ,h8 ^^0" » herein disolosed a S 

andlnsot h ' n , traCt,0n ^ »— « «~- 

and transport vehrcles on golf oourts; stand-by batteries in e.g. solar energy plants a, 

.elecommunicatton masls; and automotive batteries in e.g. start batteries and batteries t 
car electroniea. These three groups of appHoattons differ in fteir needs of batte 
capacity. Generally, i, oan be said ma. ttaotton batteries need high capaci* during a fat 
ong penod of time, automotive batteries need very hfch capacity during a short period 
t>me, and stand-by batteries need fairly low oapaolty during a long period of time 

The composition may also be used aa a pickling gel, a binder of waste materir 

. *" ^ ^ 3ny ~~ whera a g* 

composition is desirable. 

The invention being thus described, it will be obvious thai toe same may t 
vaned ,n many ways. Such variations are no, to be regarded as a departure from fte gi, 
and scope of toe present invention, and all such modifications as would be obvious , 
one skilled in the art are intended to be inched within the scope of toe Calms. While to 
examples here below provide more specific details of ft. reactions, the following: genen 
pnncrp.es may here be disclosed. The following examples w„l further illustrate htw th 
descnbed invention may be performed witoout limiting the scope of it 

s. *" Pa ' 1S Pera,n,a9es refer to part and re™"* "y weight, if not otherwis 



Examples 

30 The silica sols used in the examples are listed in table 1 below. 



35 



6 



Table 1 



Silica sol 


1 (invention) 


2 (reference) 


3 (reference) 


Specific surface 
area (m 2 /g) 


769 


361 


295 


PH 


10.5 


10 


10.5 


Density (kg/dm 3 ) 
20 °C 


1.1 


1.21 


1.21 


Silica Content 
(wt%) 


14.9 


30.3 


30.1 


Viscosity (cP) 


8.2 


7.0 


8.6 


S-value, ller- 
Dalton (%) 


33 


96 


52 



The compositions of table 2 were prepared by use of the silica sols of table 1 : 
The procedure of obtaining the composition of the invention and the references was the 
TO following (which also can be found in table 2): 

a) The concentrated sulphuric acid was diluted with water in a 250 ml beaker and cooled 
to room temperature. 

b) The silica sols were mixed with the diluted sulphuric acid. 

c) The temperature was measured in the silica sol-sulphuric acid mixture by means of a 
15 glass thermometer. 

d) The gel time, i.e. the period of time from the starting point of mixing the silica sol and 
the mineral acid until a solid gel is obtained that does not flow when the beaker is tilted 

90 °. 
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Compo- 
sition 

No. 


Cone. 

Sulphuric 

acid 


' H 2 0 


' Silica 
Sol 

No. 


Silica 
sol 

added 
(9) 


" Wt% 
Si0 2 


'"Gil 
time 
(min) 


Temp" 
(exotherm 
reaction 
(°C) 


Gel tim*a 

(isotherm 
reaction at 
20 °C 
(min) 


1 Ul 
are 

par 
m 2 / 
con 


1 


100 g 


112g 


2 


53 


6 


62 


27 


101 


21 .( 


2 


"lOOg 


94.3 g 


2 


70.7 


~8 




29 


60 


2t0 


3 


100 g 


112g 


3 


53 


6 


48 


27 


78 


17.-; 


4 


"lOOg 


94.3 g 


3 


70.7 


8 


Tf 


30 ~ 


34 


23.6 


5 


"loog 


112g 


"l 


53 


3 


"17 


28 " 


30~ 


22l 


6 


lOOg 


94.3 g ' 


"l 


707 


4 


8 


30 


16 f 


30" 



The gel time at 20 °C is a normalisation of the gel time at a temperature T at which t 
gellmg took place. The gelling time at 20 ° C can be calculated from the formula- 
Gel time (T=20 X) = Gel time (at T ° C ) *2™«> where T is the temperature in °C As c 
be seen from table 2, the gel time is much shorter for samples 5 and 6 according to t 
present invention than the reference samples 1-4, both at reaction at the actt 
temperature and at the calculated temperature of 20 °C. 



The gel strength was measured 24 hours after the formation of the gellec 
electrolyte. The gel strength was tested by dropping a lead bullet with a weight of 0 5 g - 
d,ameter of 4.4 mm, from a height of 23 cm. The impact is shown in table 3 a« 
penetration depth in mm in the gel which is a good measure of the gel strength 
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Table 3 



Composition no 


ueptn (mm; 


1 


Q 

o 


Z 


i 
I 


3 


8 


4 


1 


5 


1 


6 


0 (bounce) 



It can be clearly seen that the compositions of the invention, i.e. no.5 and 6, show 
5 increased gel strength compared to the references 1-4. It is to be noted that compositions 
5 aM^6_TOmpi^^^qwer a mount of silica than compositions 1-4. Thus, the composition 

according to the invention can improve the mentioned effects even at a lower dosage of ~j 

silica sol than the references. 
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Claims 

1. Method of preparing a composition comprising mixing a silica sol having an 
S-value from about 5 to about 50 % and a mineral acid. 

2. Method according to claim 1, wherein the S-value is from about 8 to about 

40 %. 

3. Method according to claim 1 or 2, wherein the S-value is from about 12 to 
about 35 %. 

4. Method according to any of claims 1-3, wherein the silica sol has a specific 
surface area from about 400 to about 1 200 m 2 /g. 

5. Method according to any of claims 1-4, wherein the silica sol has a specific 
surface area from about 500 to about 1000 m 2 /g. 

6. Method according to any of claims 1-5, wherein the silica sol has a specific 
surface area from about 600 to about 900 m 2 /g. 

7. Method according to any of claims 1-6, wherein the mineral acid is sulphuric 

acid. 

8. Method according to any of claims 1-6, wherein the mineral acid is 
hydrochloric acid, nitric acid, phosphoric acid, and mixtures thereof. 

9. Method according to any of claims 1-8, wherein orthophosphoric acid and/or 
sodium sulphate is further added. 

10. Method according to any of claims 1-9, wherein the weight ratio of silica to 
mineral acid is from about 1 :1 00 to about 25:1 00. 

1 1 . Composition obtainable by the method according to any of claims 1-10. 

12. Composition comprising a network of silica particles and mineral acid, 
wherein the silica particles have a particle size of from about 2 to about 7 nm. 

13. Composition according to claim 11 or 1 2, wherein the weight ratio of silica to 
mineral acid is from about 1:100 to about 25:100. 

14. Use of a composition according to any of claims 11-13 as a gelled 
electrolyte in a battery. 
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Abstract 

The present invention relates to a method of preparing a composition comprising 
mixing a silica sol having an S-value from about 5 to about 50 % and a mineral acid. The 
invention also relates to a composition obtainable by the method and a composition 
comprising a network of silica particles and mineral acid, wherein the silica particles have 
a particle size of from about 2 to about 7 nm. The invention also relates to the use of the 
composition as a gelled electrolyte. 
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